Combined sequential treatment using 100 mg/L sucrose monopalmitate solution under microbubble generation and soaking in slightly acidic hypochlorous water containing 30 mg/L available chlorine for 5 min at 50℃ was tested for decontamination of ginger, Japanese ginger, perilla, parsley, Welsh onion and cucumber, and at 20℃ for strawberry. Viable bacterial count was reduced by about 2 log cfu/g in perilla, parsley, and Welsh onion. Ginger, parsley and Welsh onion maintained viable counts of less than 5 log cfu/ g during 6 days of subsequent cold storage at 6℃. Viable count for cucumber decreased by only 1 log cfu/ g after combined treatment, and increased to 5.5 log cfu/g after storage for 6 days at 6℃. For decontamination of strawberry, as 50℃ treatment with SAHW damaged the surface, the treatment was performed at 20℃. After combined sequential treatment, viable bacterial count decreased from 4.5 to 2.0 log cfu/g, and increased slightly to 2.5 log cfu/g after storage at 6℃ for 6 days. Fungal count for strawberry also decreased from 4.9 to 2.3 log cfu/g immediately after treatment and did not increase after storage for 6 days. These results indicate the great potential of this approach in sanitization of fresh fruits and vegetables.
Introduction
Pathogenic bacteria can contaminate raw agricultural produce through various pathways; therefore, there is a need for effective decontamination of fresh produce. In Japan, 2007 statistics by the Japanese Ministry of Health, Labour and Welfare reported an estimated 1000 outbreaks of food-borne illnesses comprising about 4,000 cases associated with composite ready-to-eat foods and about 1000 cases associated with vegetables and vegetable products (Koide et al., 2009; Soli et al., 2010a) . Decontamination of produce plays an important role in the preservation of food quality and safety of consumption (Nguyen-The and Carlin, 1994) . Unfortunately, the 'fresh' nature of produce restricts the use of thermal decontamination (Soli et al., 2010a) . Washing produce with tap water cannot completely remove pathogenic and naturally occurring microorganisms, and although sodium hypochlorite solution (100 − 200 mg/L available chlorine) is the most commonly used disinfectant, it is inactivated by organic materials and can lead to the formation of potentially carcinogenic and teratogenic trihalomethanes and haloacetic acids (Keskinen et al., 2009) . Therefore, the development of new non-thermal sterilizers such as electrolyzed water (EW) is necessary to control pathogenic bacteria on fresh produce (Guentzel et al., 2008) . Among the types of EW developed, slightly acidic hypochlorous water (SAHW) has attracted attention in response to washing and sanitizing treatments for the removal or inactivation of food-borne pathogens (Doi et al., 1998; Koide et al., 2009; Okamoto et al., 2006; Ono et al., 2005; Suzuki et al., 2005; Yamashita et al., 2005) , as SAHW contains hypochlorous acid (HOCl; 97%), which has been shown to have strong anti-microbial activity (Okamoto etables or strawberries that were not subjected to treatment served as controls.
Decontamination of fresh produce by treatment with SAHW following pretreatment with sugar ester under microbubble generation About 50 g of cucumber and strawberry, and 10 g of ginger, Japanese ginger, perilla, parsley and Welsh onion were briefly washed with deionized water before soaking in 20 L of 100 mg/L sucrose monopalmitate (Mitsubishi-Kagaku Foods Co., Ltd., Japan) under microbubbles generated using an O-Max Type apparatus I (Aura Tec Co., Ltd., Japan) at a production capacity of 70 L/min for 5 min at ambient temperature (25 ± 2℃). Each of the pretreated samples was rinsed in deionized water for 30 s. Pretreated produce (20 − 25 g) was soaked in 2 L of 50℃ SAHW (30 mg/L available chlorine, 5 min) generated using the Purester MP-240E Unit (Morinaga Milk Industry, Japan) for vegetables, and 2 L of 20℃ SAHW for strawberry. After SAHW treatment, each sample was rinsed in deionized water for 30 s. Treatments were carried out in duplicate for each experiment throughout this study, followed by subsequent cold storage. Excess water on each sample was drained, and the produce was placed in a plastic bag and stored for 5 or 6 days in a refrigerator set at 6℃. Vegetables rinsed in deionized water for 30 s were used as a control.
Measurement of viable counts About 25 g of each treated or stored produce was placed in stomacher bags containing filter mesh. A 10-fold dilution was prepared after 225 mL of sterile water was added aseptically to the bag in a biosafety cabinet. The sample was homogenized for 1 min using a Masticator (IUL Instruments, Barcelona, Spain). Filtrates of the homogenate were serially diluted into the required concentrations. Aliquots of 0.1 mL were then spread onto the surface of tryptic soy agar (TSA, Difco) and incubated at 25℃ for 72 h for enumeration of total aerobic mesophilic microorganisms (viable bacterial count). For determination of fungal counts for strawberry, 0.1 mL of filtrate was plated on potato dextrose agar (Eiken Chemicals Co., Ltd., Japan) supplemented with chloramphenicol (Nacalai Tesque Inc., Kyoto, Japan) at 100 μg/mL followed by incubation at 25℃ for 72 h. Values are reported as means or means ± SD in terms of log cfu/g.
Results
Changes in viable counts after combined sequential treatment and during cold storage As shown in Fig. 1 (a) to (f), untreated ginger, Japanese ginger, parsley, perilla, Welsh onion and cucumber had viable counts ranging from 3.5 − 7.0 log cfu/g on day 0. After cold storage at 4 − 6℃, there was proliferation of microflora on all six untreated vegetable samples. Japanese ginger showed the highest viable counts,
Our recent studies (Soli et al., 2010a; Soli et al., 2010b) showed that SAHW (30 mg/L available chlorine) at ambient temperature (25 ± 2℃) has sufficient bactericidal effect on pure cultures of some Gram-negative (Salmonella enteritidis, Escherichia coli) and Gram-positive (Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus) pathogenic bacteria, as well as on other bacterial strains (Flavobacterium or Xanthomonas sp., Pseudomonas sp., Kurthia sp., Micrococcus sp., Corynebacterium or Microbacterium sp.) isolated from fresh lettuce. Viable counts of S. aureus, E. coli, Flavobacterium or Xanthomonas sp. and Pseudomonas sp. showed a 5 to 6 log cfu/mL reduction at day 0 and remained less than 1 log cfu/mL from day 1 to day 7 following treatment with 30 mg/L SAHW at 25 ± 2℃. We have also determined sufficient decontamination treatment of cut lettuce by SAHW to be 30 mg/L available chlorine for 5 min at 50℃. After SAHW (30 mg/L, 50℃, 5 min) treatment of lettuce, there was a 2 log cfu/mL reduction in bacterial counts without injury of the tissue, resulting in delayed browning of lettuce after 5 days of subsequent cold storage at 6℃. Furthermore, we enhanced the bactericidal effects of SAHW for decontamination of cut lettuce by incorporating the pretreatment step of soaking lettuce in sucrose fatty acid ester (100 mg/L sucrose monopalmitate solution, 5 min, 25 ± 2℃) solution under microbubble generation. After the combined sequential treatment, viable counts of bacteria on lettuce were reduced by about 3 to 4 log cfu/g and predominant Pseudomonas sp. on lettuce decreased markedly.
The objective of this study was to apply a combined decontamination method using sucrose monopalmitate (100 mg/L, 5 min) solution under microbubble generation at ambient temperature (25 ± 2℃) for pretreatment, followed by treatment with SAHW (30 mg/L available chlorine, 5 min, 50℃ or 20℃) to ginger, Japanese ginger, perilla, parsley, Welsh onion, cucumber and strawberry.
Materials and Methods
Preparation of fresh produce Fresh vegetables (ginger, Japanese ginger, perilla, parsley, Welsh onion, and cucumber) and strawberry used in this study were purchased from a local supermarket in Fukuoka, Japan, stored at 4 − 6℃ and used in experiments within 24 h. Vegetables were manually trimmed in order to remove damaged leaves or stems, and were briefly washed with deionized water to remove soil or any foreign matter. Ginger, Japanese ginger, and Welsh onion were chopped with a sterile knife. Cucumber was cut into round slices (width, 2 cm). Cut vegetables and strawberries were placed into small plastic strainer baskets and soaked in each treatment solution under the specified conditions. Veg-age at 6℃.
For decontamination of strawberry, soaking in 50℃ SAHW damaged the surface (data not shown); therefore, treatment was performed at 20℃ SAHW. As shown in Fig.  2 , after combined sequential treatment of strawberry, bacterial count decreased from 4.5 to 2.0 log cfu/g and increased slightly to 2.5 log cfu/g after cold storage for 6 days. Fungal count decreased from 4.9 to 2.3 log cfu/g immediately after treatment, and did not increase after cold storage for 6 days.
Discussion
Generally, the natural microflora of minimally processed vegetables or ready-to-use vegetables is about 5 − 7 log cfu/ g with a recommended shelf-life of 7 days. In this study, microflora on untreated ginger, Japanese ginger, perilla, parsley, Welsh onion and cucumber ranged from 4 − 7 log cfu/g on day 0, and proliferated upon subsequent cold storage at 6℃ for 6 days ( Fig. 1. (a) − (f) ). Japanese ginger recorded the highest viable counts of 9 log cfu/g on day 6 followed by perilla (8 log cfu/g) and the remaining vegetables at 7 log cfu/g. Our previous study (Soli et al., 2010a) showed that sucrose monopalmitate (100 mg/L, 5 min) under microbubble generation at ambient temperature (25 ± 2℃) had a higher efficacy in damaging bacterial cells on lettuce as compared to sucrose monolaurate. Moreover, we also found that after the combined sequential treatment of cut lettuce, viable counts decreased to 2 log cfu/g and increased to 3 log cfu/g after cold storage (6 − 7℃) for 5 days.
In this study, after soaking each vegetable in sucrose monopalmitate (100 mg/L, 5 min) solution under microbubble generation at ambient temperature (25 ± 2℃) followed about 9 log cfu/g, on the 6th day of storage, followed by perilla (8 log cfu/g) and the remaining vegetables (7 log cfu/g).
After combined sequential treatment of vegetables by soaking in sucrose monopalmitate (100 mg/L, 5 min) solution under microbubble generation at ambient temperature (25 ± 2℃) followed by SAHW (30 mg/L available chlorine, 5 min, 50℃) treatment, viable counts of perilla, parsley and Welsh onion were lower by about 2 log cfu/g on day 0. For cucumber, count decreased by 1 log cfu/g after combined treatment, and increased by 0.6 log after cold storage on day 6. During cold storage, perilla showed a 2 log cfu/g increase on day 6, but the viable counts for the treated vegetables other than cucumber showed no increase from day 0 to day 6. Ginger, parsley and Welsh onion maintained viable counts of less than 5 log cfu/g during 6 days of subsequent cold storEffect of SAHW Based Method on Produce Fig. 2 . Changes in bacterial (a) and fungal (b) counts on strawberry after decontamination with SAHW following pretreatment with sucrose monopalmitate under microbubble generation and during cold storage. Strawberry was treated with 100 mg/L sucrose monopalmitate solution under microbubble generation at ambient temperature (25 ± 2℃), followed by SAHW treatment (30 mg/L available chlorine, 5 min, 20℃ and stored at 6℃. Viable counts of bacteria and fungi were measured on control (○) and treated (•) strawberry on days 0, 3, and 5 of cold storage at 6℃. Values are given as means of two experiments. Fig. 1 . Changes in viable counts on vegetables after decontamination with SAHW following pretreatment with sucrose monopalmitate under microbubble generation and during cold storage. Vegetables were subjected to combined sequential treatment using 100 mg/L sucrose monopalmitate solution under microbubble generation at ambient temperature (25 ± 2℃) and soaking in SAHW containing 30 mg/L available chlorine for 5 min at 50℃ and during subsequent cold storage at 6℃ for 6 days. Viable counts of control (○) and treated (•) vegetables were measured on days 0, 3 and 6 of cold storage. Vegetable treatments were carried out in duplicate for each experiment and values are given as means of two experiments.
generation at ambient temperature, followed by SAHW treatment (30 mg/L, 5 min, 50℃ or 20℃) can effectively reduce viable counts on some types of produce by about 2.5 log cfu/ g during 6 days of subsequent cold storage at 6 − 7℃, thus suggesting the potential for application in decontamination of fresh fruits and vegetables. Moreover, the use of SAHW will reduce the amount of free chlorine used for decontamination of fresh-cut produce by the food industry.
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by SAHW (30 mg/L available chlorine, 5 min, 50℃) treatment, viable counts of bacteria on the vegetables other than cucumber decreased immediately by about 2 log cfu/g on day 0. For cucumber, the viable count decreased by only 1 log cfu/g after combined treatment, and increased by 0.6 log after cold storage on day 6. During cold storage, perilla had a 2 log cfu/g increase on day 6; however, the viable counts of the other four treated vegetables except cucumber showed no increase from day 0 to day 6. The viable counts of treated vegetables ranged from 2.5 to 7.5 log cfu/g during the 6 days of cold storage. Identification of microflora before and after cold storage is required in order to understand the reasons for the increase in viable counts during cold storage in perilla. Koseki et al. (2004) found that decontamination by both acidic EW (30 mg/L available chlorine, 10 min) and NaOCl (150 mg/L available chlorine, 10 min) reduced aerobic mesophiles on cucumber and strawberry by about 1 log cfu/ sample. Coliform bacteria and fungi on strawberry were also reduced by about 1 log cfu/sample after both treatments. In this study, after pretreatment with sugar ester and microbubbles, strawberry was soaked in 20℃ SAHW (30 mg/L available chlorine, 5 min), as 50℃ damaged the surface. Both bacterial and fungal counts decreased by about 2.5 log cfu/ g immediately after combined treatment. Bacterial counts on strawberry increased slightly to 2.5 log cfu/g after cold storage for 3 to 6 days; however, fungal counts did not increase after cold storage for 6 days. From a microbiological standpoint, our results for the bactericidal effects of SAHW on strawberry may contribute to the quality studies by Hung et al. (2010) ; they reported that treatment of strawberries with EW (55 mg/L available chlorine, 5 min) resulted in no significant differences in color, shear force, weight loss, decay or chemical properties as compared with tap water. They also found that calcium hypochlorite treatment (100 mg/L available chlorine, 5 min) had greater negative effects on quality characteristics of strawberries than EW in terms of weight loss, shear force and decay. Quality of fresh-cut fruit and vegetable products determines the value to the consumer and involves a combination of parameters including appearance, texture, flavor and nutritional value (Kader, 2002) . Minimal processing can lead to physiological deterioration, biochemical changes and microbial degradation (O'Beirne and Francis, 2003) , while cut tissues can release nutrients that support the growth of microflora present on raw produce (Li, 2001) ; therefore decontamination of produce plays an important role in the preservation of food quality and safety of consumption.
In conclusion, the results of this study indicate that the application of combined sequential treatment using sugar ester (100 mg/L sucrose monopalmitate) under microbubble
